Introduction. The aim of this study was to compare the maternal and perinatal data from spontaneous twin pregnancies with twin pregnancies conceived via assisted reproductive technology, and to evaluate the outcomes depending on the type of treatment. Material and methods. A historical cohort of all twin live births between 1997 and 2014 was used to create two groups: spontaneous pregnancies and pregnancies after infertility treatment (ovulation induction, intrauterine insemination, in vitro fertilization, and intracytoplasmic sperm injection). The population characteristics and pregnancy, childbirth, and neonatal complications were compared, and the data were adjusted for age, parity, chorionicity, and the mother's body mass index to assess only the impact of the infertility treatments. Results. In total, 1580 twin pregnancies were included, with 575 requiring assisted conception. We did not observe any differences between the assisted conception pregnancies and the spontaneous twin pregnancies with regard to the obstetric and childbirth complications and neonatal outcomes. In addition, there were no statistically significant differences between the types of infertility treatment. Conclusion. After adjusting for the maternal parameters and chorionicity, the twin pregnancies conceived via assisted reproductive technology were not at an increased risk of obstetric and neonatal complications. Moreover, the type of treatment did not alter the obstetric and neonatal complications. Therefore, the higher complication rate was related to the patient's medical specifics, rather than to the infertility treatment.
Introduction
The rate of twin births has been steadily increasing in France. In 2008, the rate of twin births was 15.6/1000, which corresponded to an 80% increase over a period of 35 years (1) . This has been explained by the increasing maternal age and development of infertility treatments (2) . Generally, in the literature, we observed that twin pregnancies were at an increased risk for fetal and infant mortality, premature birth, low birthweight, and cerebral palsy (3) .
In France, 22 401 children were born via assisted reproductive technology (ART) in 2010, which represented about 1 pregnancy in 40, and a twin birth rate of 14.5% (1) . For singletons, after infertility treatment, the pregnancy outcome was less favorable than after a spontaneous conception, no matter which infertility treatment was used (4) . McDonald et al. found increased risks of perinatal mortality [odds ratio (OR) 2.40, 95% CI 1.59-3.63], premature delivery (before 33 weeks of gestation) (OR 2.99, 95% CI 1.54-5.80), premature delivery (before 37 weeks of gestation) (OR 1.93, 95% CI 1.36-2.74), low birthweight (<1500 g) (OR 3.78, 95% CI 2.49-5.75), and small-for-gestational-age (OR 1.59, 95% CI 1.20-2.11) for singleton pregnancies after ART (5) .
With regard to twin pregnancies, several studies have compared pregnancies after ART with spontaneous pregnancies. They reported that the risk of preterm delivery (before 32-33 weeks of gestation) seemed higher (6) (7) (8) (9) (10) and the mean birthweight was lower in the infertility treatment group (11) (12) (13) . However, we did not find significant differences in the rates of pregnancy-induced hypertension and gestational diabetes, or in neonatal condition (14) . There were conflicting results on the mode of delivery. For example, Geisler et al. found that the cesarean rate was higher in the infertility treatment group (OR 2.35, 95% CI 1.76-3.14) (15). Nassar et al. found similar results (76% vs. 58%, p = 0.026) (6), whereas Caserta et al. and Vasario et al. did not report any difference between the two groups (14, 16) .
A few studies have compared the outcomes for different types of ART with spontaneous twin pregnancies, and their discordant results (17, 18) . For instance, Davies et al. showed that the infertility treatment modality had an impact on the risk of complications at birth (17) . However, Marino et al. did not find any significant difference between the groups (18) .
Overall, our primary endpoint was to compare the maternal and perinatal data of spontaneous twin pregnancies with infertility treatment twin pregnancies, first in a global manner, and then depending on the type of treatment.
Material and methods
This was a historical single-center cohort study including all twin births between 1997 and 2014 from spontaneous and infertility treatment pregnancies. Our center is a reference center for diseases in twin pregnancies. Before we began this research, the study was approved by the ethics committee for research in gynecology and obstetrics (2014-04-02 CEROG OBS).
We excluded twin pregnancies following egg donation (n = 17) because these pregnancies presented a specific risk with increased vascular complications, such as preeclampsia and immunologically-mediated high blood pressure (19) (20) (21) (22) . Any cases of intrauterine fetal death (n = 14), twin-to-twin transfusion syndrome (n = 74), and polymalformation syndrome (n = 15) were also excluded.
The gestational age was calculated from the date of puncture for pregnancies resulting from in vitro fertilization (IVF) or an intracytoplasmic sperm injection (ICSI), 2 days after ovulation induction (OI) for pregnancies resulting from OI and intrauterine insemination (IUI), and the date of the first day of the last menstrual period and ultrasound measurement of the cranio-caudal length between 11 +6 and 13 +6 weeks of gestation for the spontaneous pregnancies. The chorionicity was determined during the first-trimester ultrasound by the number of placentas, lambda sign, T-sign, and the thickness of the membrane. The pregnancy monitoring was performed as recommended by the National College of French Gynecologists and Obstetricians, with monthly ultrasound scans for dichorionic diamniotic pregnancies, and fortnightly ultrasound scans for monochorionic diamniotic pregnancies (23) .
The population data included the maternal age, parity, chorionicity, spontaneous conception or fertility treatment (OI, IUI, IVF, and ICSI), and obstetric complications, including pregnancy-induced hypertension (blood pressure above 140/90 mmHg), preeclampsia (hypertension and proteinuria of 0.3 g/24 h), gestational diabetes, premature rupture of membranes, cholestasis of pregnancy, and placenta previa. We studied the route of delivery, incidence of postpartum hemorrhage (defined as >500 mL blood loss), and the presence of perineal tearing. On the neonatal level, we identified the following parameters: gestational age at birth, small-for-gestationalage as defined by an estimated fetal weight below the third percentile, low birthweight (<1500 g), birthweight <2500 g, Apgar score <7 at 5 min, admission to the neonatal intensive care unit, neonatal respiratory distress, neonatal sepsis, and neonatal death. The type of infertility treatment was determined during the first prenatal consultation, and noted in the obstetric record.
Statistical analyses
The data were collected using CLINSIGHT software (version 6.2.300, 2011). First, we compared the maternal and perinatal data between the spontaneous twin pregnancies (reference, SP group) and twin pregnancies after infertility treatment (any technique pooled together, IT group). Second, we compared the maternal and perinatal data between the SP group and each technique in the IT group (OI, IUI, IVF, and ICSI). The quantitative variables were described in terms of the frequency and percentage, and as the mean AE standard deviation. The normality of the quantitative variables was checked graphically and tested using the Shapiro-Wilks test. The maternal characteristics were compared between the groups using the chi-squared test for the categorical variables and the Student's t test for the quantitative variables. The pregnancy, childbirth, and neonatal complications were compared between the groups by logistic regression models to adjust for any potential confounders selected a priori [age, gender, chorionicity, and mother's body mass index (BMI)]. The delivery term (analyzed as a continuous variable) was compared between the groups using an analysis of covariance adjusted for the potential confounders.
Considering the low number of placenta previa complications in both groups (SP and IT), no statistical comparison was made. Additionally, we did not perform statistical comparisons between the SP group and each technique in the IT group for the following complications: cholestasis of pregnancy, umbilical cord pH < 7.10 at birth, and neonatal death. This was due to the small number of complications for each technique in the IT group.
The bilateral tests were conducted with a level of significance of 5%, except for the comparisons according to the type of assisted conception treatment, in which a Bonferroni correction was applied. The statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA).
Results
In total, 1580 pregnant women (only one birth per woman) were included in this research, of which 594 (37.6%) received infertility treatments ( Figure 1 ). Nineteen of them were excluded; 17 underwent egg donations and two had incomplete records. Of these 575 remaining women, 152 (26.4%) underwent OI, 63 (11%) underwent IUI, 192 (33.4%) underwent IVF, and 168 (29.2%) underwent ICSI. Table 1 shows the characteristics of these patients according to the mode of conception. The IT group population was older when compared with the SP group, with mean ages of 31.4 AE 4.5 and 29.8 AE 5.2 years, respectively (p < 0.001). The proportion of primiparous patients was higher in the IT group when compared with the SP group (67.2% vs. 38.1%, respectively, p < 0.001), and there were more dichorionic diamniotic pregnancies in the IT group than the SP Table 2 summarizes the obstetric complications according to the groups. We noted no significant difference between the IT and SP groups, or between the types of treatment in the IT group and the SP group. With regard to the obstetric outcomes, no difference was found between the IT and SP groups in the delivery term or the occurrence of postpartum hemorrhage (Table 3 ). The mean delivery term in both groups was 34.8 AE 3.2 weeks of gestation. In the delivery route, no difference was noted between the IT and SP groups in the rate of cesarean sections. In addition, no differences were found in the delivery route between the types of treatment in the IT group and the SP group. Table 4 presents the neonatal outcomes. There were no significant differences between the IT and SP groups in the occurrences of small-for-gestational-age, birthweights <1500 g and <2500 g, an Apgar score <7 at 5 min, an umbilical cord pH < 7.10, neonatal complications, or neonatal death. In addition, no differences were found in the comparisons between the different treatment types in the IT group and the SP group.
Discussion
The data from the current literature are sparse and discordant with regard to the comparisons of the obstetric and neonatal complications of twin pregnancies according to conception and the fertility treatment used. Our study was based on a large number of women, and after adjustment for maternal factors and chorionicity, we found no differences in the obstetric and neonatal complications between infertility treatment twin pregnancies and spontaneous twin pregnancies.
There were no differences between the different types of fertility treatment that we evaluated (OI, IUI, IVF, and ICSI). The worst outcomes of twin pregnancies with secondary infertility treatments could be linked to the medical history of the infertile patient and the infertility treatment used. Indeed, Caserta et al. found more patients with thrombophilia, hypothyroidism, and endometriosis in the ART group consisting of patients with hormonal imbalances and placentation disorders (14) . K€ all en et al. found better outcomes in ICSI pregnancies than in IVF pregnancies because, in most cases, the ICSI treatment was due to male factor infertility (24) . Some infertility treatments (hormonal stimulation, manipulation of oocytes and sperm during IVF, embryo manipulation with some freezing of the embryos, and late fertilization of the oocytes) might be responsible for alterations in the embryo and utero-placental interactions, causing pregnancy complications (25) . Therefore, it seemed important to assess the specific outcomes of twin pregnancies according to the infertility treatments used.
Overall, the characteristics of our population were consistent with those of the literature. The patients in the IT group were older and more commonly primiparous when compared with the SP group, increasing the risk of For all ART technique comparisons with reference group (spontaneous pregnancies), no significant differences were found (p > 0.05 after Bonferroni correction). Adjusted odds ratios were calculated using spontaneous pregnancies as reference group. ART, assisted reproductive technology; ICSI, intracytoplasmic sperm injection; IT, infertility treatment; IUI, intrauterine insemination; IVF, in vitro fertilization; OI, ovulation induction; OR, odds ratio; SP, spontaneous pregnancy; Sup, superior to. Results expressed as n (%) or as mean AE standard deviation. p-values were adjusted for age, parity, chorionicity and mother's body mass index. For all ART technique comparisons with reference group (spontaneous pregnancies), no significant differences were found (p > 0.05 after Bonferroni correction). Adjusted odds ratios were calculated using spontaneous pregnancies as reference group. *For delivery term, the adjusted mean difference was reported.
differences in the perinatal and obstetric complications between the IT and SP groups after adjusting for maternal age and parity. Before adjusting for these, Caserta et al. found more preterm births (OR 2.08, 95% CI 1.31-2.59 vs. OR 1.33, 95% CI 0.87-2.02 after the adjustment) and more small-for-gestational-age cases (OR 1.49, 95% CI 1.07-2.09 vs. OR 1.08, 95% CI 0.71-1.65 after the adjustment) in the IT group. Hence, the unfavorable outcomes of twin pregnancies after infertility treatments described in the literature could be more related to the woman's medical history and type of twin pregnancy than to the infertility treatment (14, 29) . The results were similar in our fertility treatment subgroups, regardless of the mode of assisted conception, reinforcing the only study evaluating the effect of adjusting for the infertility treatment. Indeed, Marino et al. isolated several differences, including more low birthweights (<1500 g) in the IUI subgroup (OR 1.96, 95% CI 1.06-3.62), a lower average birthweight in the IVF subgroup (with fresh embryos), and less incidence of small-forgestational-age in the ICSI subgroup (with fresh embryos) (OR 0.64, 95% CI 0.43-0.94). However, among singletons, Marino et al. found differences between the various treatments for infertility, especially more low birthweights, premature births, and neonatal deaths in the IVF and ICSI subgroups (18) .
Our study was one of the largest cohorts comparing infertility treatment twin pregnancies with spontaneous twin pregnancies. It was also one of the few studies comparing twin pregnancies according to the infertility treatment, while adjusting for the maternal parameters and chorionicity. All of the twin pregnancies (IT and SP groups) benefited from similar management by the same medical team, with the same department protocols, and we chose to include IVF, ICSI, OI, and IUI pregnancies to be exhaustive.
Our study did have some limitations. For example, it was conducted in a single center with the possibility of selection bias. We excluded pregnancies with intrauterine fetal deaths because these outcomes did not originally appear in our database. Moreover, we chose to adjust the results based on the mother's age, chorionicity, parity, and the mother's BMI because these were the potential confounders reported in the literature. We did not adjust the results for smoking during pregnancy because previous authors did not find it to be a confounder, despite the fact that smoking during pregnancy was more common in the SP group. We chose to include diamniotic monochorionic pregnancies in this study. However, several studies in the literature excluded diamniotic monochorionic pregnancies because they are less common after infertility treatments, with a higher risk of complications. We included them to be exhaustive, and adjusted our results based on chorionicity. In addition, our collection period was long, with consequent changes in the ART procedures and obstetric practices over that period of time. Furthermore, we had no way of knowing if the IVF pregnancies included fresh or frozen embryos, because the infertility treatments were not routinely performed in our center. For all ART technique comparisons with reference group (spontaneous pregnancies), no significant differences were found (p > 0.05 after Bonferroni correction). Adjusted odds ratios were calculated using spontaneous pregnancies as reference group.
Conclusion
According to the results of our study, the infertility treatment twin pregnancies, whatever the technique, were not at an increased risk for obstetric and neonatal complications, after adjusting for the maternal parameters and chorionicity. An increased risk for complications was more related to the medical history of the woman undergoing infertility treatment, which is valuable information for a clinician during the counseling process.
